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1
LIGHT GUIDE PLATE AND METHOD FOR
MANUFACTURING LIGHT GUIDE PLATE

FIELD

The present disclosure relates to a light guide plate for
guiding a light that has entered into the light guide plate to
propagate therein and exit from a predetermined emission
surface thereof, and relates to a manufacturing method there-
for.

BACKGROUND

This section provides background information related to
the present disclosure which is not necessarily prior art.

Portable devices such as mobile phones and mobile com-
puters may incorporate light guide plates for ten-key illumi-
nation, displays, and various types of indicators. These por-
table devices may be required to be thinner and to be more
complicated in shape. The light guide plates may similarly be
required to be flexible corresponding to portable devices
which are made thinner and complicated in shape.

As a conventional light guide plate, molding ofhard acrylic
resin or polycarbonate has generally been used. Additionally,
in order that light that has entered from a side surface of'a light
guide plate exits from the front surface of the plate, a minute
concave and convex pattern has generally been made on the
front surface when molded. FIG. 3 shows an example of the
configuration of a conventional light guide plate and periph-
eral members of the plate. FIG. 3(A) shows the light guide
plate and the peripheral members as viewed from a side
surface parallel to the entering light. FIG. 3(B) shows the
convention light guide plate and peripheral members of the
plate viewed from a side perpendicular to the entering light.
As shown in FIG. 3, formed on the rear surface of the con-
ventional light guide plate 21 is a rear surface emission prism
21a. Additionally, formed on the front surface of the light
guide plate 21 is a front surface emission prism 214.

When light from an LED module 25 enters into the side
surface of the light guide plate 21, as shown in FIG. 3(A), a
part of the light that has entered into the light guide plate 21 is
reflected internally by the rear surface emission prism 21a,
refracted by the front surface emission prism 215 of the light
guide plate 21, and then exits toward a prism sheet 24. In
addition, light that has exited toward the rear surface of the
light guide plate 21 from the rear surface emission prism 215
is reflected by a reflecting sheet 27 and enters into the light
guide plate 21 again, and finally exits toward the prism sheet
24. The direction of light that has exited toward the prism
sheet 24 from the light guide plate 21 is adjusted by prisms of
the prism sheet 24 and exits from the opposite surface of the
prism sheet 24. Such a conventional light guide plate is
formed by molding, and thus has a limit in reduction of
thickness. Furthermore, when such a conventional light guide
plate of a material such as hard acrylic resin or polycarbonate
is made thinner, the light guide plate does not have enough
mechanical strength and thus is easily damaged disadvanta-
geously.

To address this, a polycarbonate film or a PET film has been
used as the material for a thinner light guide plate. When a
resin film is used as the material for the light guide plate,
however, it is difficult to form a concave and convex pattern
by molding. Therefore, a reflecting or scattering pattern is
formed on the rear surface of the light guide plate by means of
printing or coating, whereby light propagating within the
light guide plate exits from the front surface of the light guide
plate.
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Generally, such a reflecting or scattering pattern is formed
by spraying a coating material containing a pigment over the
rear surface of the light guide plate, or printing the pattern by
screen-printing. However, such a method requires the forma-
tion of amask in advance, leading to high consumption of cost
and time disadvantageously. The spraying method is incon-
venient because it is difficult to make the thickness of the
pattern evenly and hence leading to poor reproducibility of
the pattern. The screen-printing method is also inconvenient
because it is difficult to form a thin film and hence to control
the thickness of the film and its shape in cross-section.

Besides the foregoing techniques, there has been an
attempt to form a dot pattern by printing resin into a lens
shape by ink-jetting (see, for example, Patent Document 1). It
is supposed that a dot pattern can be formed in a mirror
hemispherical shape due to the surface tension of the resin
with this technique.

However, with the techniques of applying/printing ink or
resin to/on the base material of a film-like light guide plate to
form a pattern, the ink or resin once cured has no flexibility.
This leads to a risk of damaging or peeling of an ink or resin
layer when the film-like base material deforms. Therefore, it
has been difficult to form a pattern on a flexible elastomer
film.

Patent Document 1: Japanese Patent Application Laid-Open

No. 2005-249882

SUMMARY

It is an object of the present disclosure to provide a light
guide plate that is thin and highly flexible, yet highly reliable
and durable.

A light guide plate of the present disclosure may be made
of, in particular, a highly flexible material. In addition, when
a pattern is formed onto the base material by ink-jetting, an
ink for which a highly flexible material exhibits a swellability
of a predetermined value or more corresponding to the
desired level of flexibility may be used, whilst a combination
of materials that do not dissolve in each other is generally
selected in order to prevent the ink from running.

A light guide plate for guiding a light that has entered into
the light guide plate to propagate therein and exit from a
predetermined emission surface thereof. The light guide plate
is characterized in that the light guide plate is formed by
printing a dot pattern of white ink on a surface of a flat base
material made of elastomer by ink-jetting. The surface is
opposite to the emission surface. The base material is made of
elastomer of predetermined high flexibility and exhibits, for
the white ink, a swellability of a predetermined value or more
corresponding to the type of the base material.

The predetermined high flexibility refers to flexibility
determined to meet the intended application of the light guide
plate. The swellability of the predetermined value corre-
sponding to the type of the base plate refers to a swellability
that results in such strong bonding of the base material with
the white ink that the dot pattern is not damaged and does not
peel when properties of the light guide plate, including flex-
ibility, are exhibited. By designing approach or an experimen-
tal approach, the predetermined high flexibility is determined
according to the intended application of the light guide plate
and the swellability of the predetermined value is determined
according to the type of base material selected to meet the
intended use of the light guide plate.

With this configuration, using the white ink for which the
base material exhibits the swellability corresponding to its
type, the dot pattern is printed on a base material of highly
flexible elastomer, thereby forming a light guide plate. This
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makes it possible to obtain a light guide plate that is thinner
and highly flexible, is less liable to damaging or peeling of the
dot pattern during deformation of the base material, and yet
has high reliability and durability.

In the light guide plate according to the present disclosure,
the base material may have a shore-A hardness of 60 to 98,
inclusive. This makes it possible to obtain sufficient flexibility
for a light guide plate used in complicatedly deformed shape
or subject to repeated deformations. Accordingly, the light
guide plate can be disposed in a mobile device whose inside
has a complex or movable shape.

In the light guide plate according to the present disclosure,
the base material may have a thickness of 0.4 mm or less. This
makes it possible to form a light guide plate that can be
incorporated in a thinner mobile device securely.

In the light guide plate according to the present disclosure,
the elastomer of high flexibility may be polyurethane, acrylic
rubber, or the like. In particular, polyurethane is flexible so as
to allow the light guide plate to be deformed to any compli-
cated shape. This makes it possible to form a light guide plate
that can be incorporated in a thinner mobile device more
securely and that is durable enough for repeated deformations
due to key operation of a portable device. Selecting polyure-
thane as a base material makes it possible to form a light guide
plate having sufficient transparency and thus having sufficient
optical performance. Incidentally, polyurethane is catego-
rized as either a thermosetting polyurethane or a thermoplas-
tic polyurethane depending on processing method. Thermo-
plastic polyurethane is less oil resistant because, taking
moldability into account, various materials are added thereto.
In addition, thermoplastic polyurethane is easily contracted
or deformed by heat, and thus difficult to be used if heat
resistance is required. Therefore, thermosetting polyurethane
is preferable to thermoplastic polyurethane as the base mate-
rial in the present invention.

In the light guide plate according to the present disclosure,
the swellability of the predetermined value or more is a
swellability that allows the base material to increase in weight
by 10% or more as a result of being soaked in the white ink for
one hour.

If the swellability of the base material for the white ink
satisfies this condition where the type of base material is
polyurethane, flexibility capable of coping with the key
operations in an ordinary portable device can be ensured, and
adhesion between the base material and white ink and their
bonding strength can be enhanced to a sufficient level. This
ensures the flexibility and durability sufficient for a light
guide plate to be used for a ten-key of a mobile phone, for
example.

In addition, the present disclosure may provide a manufac-
turing method for a light guide plate. The method includes
applying UV curable white ink in dot shape by ink-jetting
onto a flat base material made of elastomer of predetermined
high flexibility. The method also includes curing the white ink
by irradiating UV light to the white ink immediately after the
white ink is applied. The method is also characterized in that
the white ink is an ink for which the base material exhibits a
swellability of a predetermined value or more corresponding
to the type of the base material.

In this case, the predetermined high flexibility refers to
flexibility determined to meet the intended application of the
light guide plate. The swellability of the predetermined value
corresponding to the type of the base plate refers to a
swellability that results in such strong bonding of the base
material with the white ink that the dot pattern is not damaged
and does not peel when properties of the light guide plate,
including flexibility, are exhibited. By using a method involv-

10

15

20

25

30

35

40

45

50

55

60

4

ing a designing approach or an experimental approach, the
predetermined high flexibility is determined according to the
intended application of the light guide plate, and the
swellability of predetermined value is determined according
to the type of base material selected to meet the intended use
of the light guide plate.

According to this manufacturing method, it is possible to
manufacture a light guide plate in which a dot pattern is
printed on a base material of highly flexible elastomer by
using the white ink for which the base material exhibits the
swellability corresponding to its type. This makes it possible
to obtain a light guide plate that is thinner and highly flexible,
is less liable to damaging or peeling of the dot pattern during
deformation of the base material, and yet has high reliability
and durability.

In the manufacturing method for the light guide plate
according to the present disclosure, the highly flexible elas-
tomer may be polyurethane. The swellability of the predeter-
mined value or more may be a swellability that allows the
base material to increase in weight by 10% or more as a result
of' being soaked in the white ink for one hour.

As far as possible, the means described above may also be
used in combination.

DRAWINGS

FIGS. 1A-1C are views for illustrating a manufacturing
process for a light guide plate according to an embodiment of
the present disclosure.

FIG. 2 is a view for illustrating the action of the light guide
plate according to the embodiment of the present disclosure.

FIG. 3 is a view for illustrating an example of the use of a
light guide plate according to a conventional technique.

DETAILED DESCRIPTION

A light guide plate according to an embodiment of the
present disclosure will hereinafter be described with refer-
ence to the drawings.

FIGS. 1A-1C illustrate a manufacturing process for light
guide plates according to the present disclosure. In FIGS.
1A-1C, as a base material 1 for the light guide plate, a thin,
flexible material applicable for a light guide plate is selected.
Additionally, a composite of a white ink composition, with
which the base material 1 shows swellability corresponding
to the type of the base material, is selected. Then dot printing
with the white ink is carried out by an ink-jet method in which
droplets of white ink 2 are jetted from an ink-jet head 6, as
shown in FIG. 1A.

As shown in FIG. 1B, the white ink penetrates and dis-
perses in the base plate 1 around the boundary between the
base plate 1 and the white ink dot 3 applied to the base plate
1. In this condition, UV light is irradiated onto the white ink
3 bya UV curing device 8, as shown in FIG. 1C, for curing the
white ink 3. As a result, the white ink dot 3 itselfis cured, and
the white ink that has entered into and dispersed in the base
plate 1 is also cured, thereby forming a strong bonding por-
tion 3a. Thus, the adhesion and bonding strength between the
white ink dot 3 and the base material 1 can be enhanced.

Next, the action of a light guide plate produced through a
method shown in FIGS. 1A-1C will be described briefly with
reference to FIG. 2. As shown in FIG. 2, light enters into the
base material 1 of the light guide plate from a side surface
thereof by an LED module 5. The light that has entered into
the base material 1 propagates within the base material 1, and
some ofthe light is going to exit through the rear surface of the
base material 1. The light that is going to exit through the rear
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surface is, however, scattered by the pigment in the white dot
3 or reflected by the boundary surface between the white ink
dot 3 and the outside, and thus exits from the front surface side
of'the base material 1. As a result, light entered from the LED
module 5 can exit evenly from the top of the base material 1
by a dot pattern of white ink dots 3.

In the present embodiment, the ink-jet method is used. This
makes it possible to precisely adjust the quantity of droplets
of'white ink 2 and hence to precisely control the diameter and
thickness of the white ink dot 3 on the base material 1.

In addition, the ink-jet method is highly flexible as to an
image to be formed, and then an image to be formed can be
easily changed. Thus, a dot pattern can be formed with high
flexibility. In addition, since the time required for forming or
changing a pattern can be reduced, time for completion can
also be greatly shortened.

In the present embodiment, it is preferable that the thick-
ness of the base material 1 be 0.4 mm or less. This facilitates
handling in the process of forming a film as the base material
1, and the process of forming a pattern by ink-jetting, then
contributes to the thinning of the light guide.

Further, recent demand for thinning of a back light for
mobile phones has particularly become strong. It is, therefore,
preferable that the base plate 1 be in the range 0f 0.05 to 0.25
mm thick, inclusive.

Additionally, as a material for the base material 1, a rubber-
like one is preferable. This enables the base material 1 to be
easily attached to the surface of a member that has concavities
and convexities or to a curved surface, thus easily meeting the
need for a light guide plate to be fitted in complex shapes or
limited spaces when installed in, for example, a mobile
phone. A shore-A hardness of 60 to 98, inclusive, is preferable
for the base material 1. This ensures adequate flexibility of a
material for the light guide plate, which can be used while
deformed in a complex shape or repeatedly deformed.
Experiments, etc., have shown that such a light guide plate
can be disposed in a mobile device whose inside has a com-
plex or movable shape.

First Example

Next will be described a first example according to the
present disclosure. In the present example, a thermosetting
polyurethane film with a thickness 0of 200 um is used as a base
material 1. As for a printing ink, white UV curable ink A (the
main constituent: 70 to 90 (inclusive) wt % of photopolymer-
ization composition; a pigment: 10 to 20 (inclusive) wt % of
titanium dioxide; and the remainder: 5 wt % or less of poly-
merization initiator is used. As an ink-jet head 6, a piezo-type
is used under conditions of 360 dpi and droplet amount of 14
pl. As a UV curing device, Subzero (manufactured by Inte-
gration Inc.) is used.

<Swellability Test>

To compare the bonding strength of the white UV curable
ink A and base material 1 according to the present example,
with the bonding strength of a combination with each of other
base materials, a swellability test was performed for combi-
nations of base materials and the white UV curable ink A. The
swellability test was performed by soaking a sample sheet of
each base material in the white UV curable ink A for one hour
at a room temperature (25° C.) and measuring the weight
difference of the sample sheet before and after the soaking.
The obtained results are shown in Table 1.
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6
TABLE 1

Base Material Ink-Swellability
polyurethane High
polyimide Low
PET Low
PTFE Low
polycarbonate Low
silicone (rubber) Medium
nylon Low
epoxy Low

In the table, “High” in ink-swellability means a weight
increase by 10% or more; “Medium” in ink-swellability
means a weight increase by 1 to 10% (not inclusive); and
“Low” in ink-swellability means a weight increase by 1% or
less. It can be seen that among the base materials tested,
polyurethane has the highest ink-swellability. This means that
the combination of the thermosetting polyurethane film and
white UV curable ink A can result in the highest level of
penetration and dispersion of the white UV curable ink A into
the base material and the highest bonding strength.

<Peeling Durability Test>

As a peeling durability test for the light guide plate formed
from the combination of the thermosetting polyurethane film
and white UV curable ink A in the present example, a key-
stroke test was performed in the following conditions: press-
ing load: 600 g; the shape of the end of a striking point: ¢ 10
mm and 7.5 R; rubber hardness: 65; and the number of key-
strokes: one million. As a result, no peeling of the dot pattern
was found. Accordingly, it can be said that this combination
of'the base material and white ink provides a light guide plate
which is durable to deformation due to key operation of a
mobile device and that a light guide plate capable of being
used practically can be obtained.

On the other hand, the same keystroke test was performed
ona light guide plate formed from the combination of silicone
(rubber) that showed “medium” ink-swellability in swellabil-
ity test and white UV curable ink A. A peeling of the dot
pattern was found as a result of the keystroke test.

As described above, a thermosetting polyurethane film
with a thickness of 200 pm was used as the base material 1 and
white UV curable ink A was used as the white ink in the
present example. In this combination, the base material 1 was
increased in weight by 10% or more as a result of being
soaked in the white UV curable ink A for one hour at a room
temperature (25° C.). Due to this swellability, the bonding
strength of the base material and white ink and the durability
sufficient for a light guide plate are attained.

Itisknown that selecting a thermosetting polyurethane film
as the base material 1 ensures optical performance (i.e., trans-
mittance) and flexibility sufficient to illuminate, for example,
the key operating section of a mobile device. Additionally, in
this example, it was found that the bonding strength of the
base material and white ink and the durability sufficient for a
light guide plate can be attained as long as the combination of
the thermosetting polyurethane film used as the base material
1 and the white ink shows a swellability such that the base
material 1 increases in weight by 10% or more as a result of
being soaked in the white ink for one hour at a room tempera-
ture (25° C.).

Accordingly, the combination of the thermosetting poly-
urethane film and white UV curable ink A makes it possible to
attain optical performance, flexibility, reliability and durabil-
ity sufficient for the light guide plate used in a mobile device.
Further, in the light guide plate according to the present
example, a thermosetting polyurethane film with a thickness
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of 200 um is used as the base material 1, and thus the light
guide plate may be used in thinner mobile device.

As for the silicone rubber, the base material 1 did not
increase in weight by 10% or more as a result of being soaked
in the white ink for one hour at a room temperature (25° C.)
(actually increased by 7 to 8%). In the present example, it can
be said that such a swellability is not enough to attain the
bonding strength of the base material and white ink and the
durability sufficient for a light guide plate.

Second Example

In the present example, white ink different from the one
used in the first example was selected and tested in the same
way as in the first example. In the present example also, it was
found that a combination of this white ink and a thermosetting
polyurethane film for use as the base material could attain
sufficient bonding strength.

In the present example, printing was performed using the
white ink under the conditions described below. A thermoset-
ting polyurethane film with a thickness of 200 um was used as
the base material 1. As the white ink, white UV curable ink B
(the main constituent: 65to 75 (inclusive) wt % of acrylic acid
ester; and a pigment: 15 to 25 (inclusive) wt % of titanium
dioxide) was used. An ink-jet head 6 and an UV curing device
8 same as those in the first example were used.

For the combination of this base material and the ink, the
swellability test and keystroke test were performed in the
same manner as in the first example. The same result as that in
the first example was obtained.

In the present disclosure, the relations between the types of
the base material 1 and the required swellabilities may be
researched in advance through experiments and may be rep-
resented on a map. With this map, when a base material 1 and
white ink are selected and swellability test is performed, it
possible to instantaneously determine whether or not a light
guide plate of sufficient durability can be formed from this
combination. Since the durability required by each light guide
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plate differs according to its intended application, such a map
may be formed for each intended application.

The invention claimed is:

1. A light guide plate for guiding a light which has entered
into the light guide plate to propagate therein and exit from a
predetermined emission surface thereof, the light guide plate
comprising:

a flat base material; and

a dot pattern of white ink including an acrylic acid ester

directly disposed on and soaked into a surface of the flat
base material, the surface being opposite to the emission
surface;

wherein the base material is made of a thermosetting poly-

urethane as an elastomer of predetermined high flexibil-
ity and exhibits a shore-A hardness of 60 to 98, inclusive,
and

for the white ink, a swellability of a predetermined value or

more allows the base material to increase in weight by
10% or more as a result of being soaked in the white ink
for one hour.

2. A light guide plate according to claim 1, wherein the base
material has a thickness of 0.4 mm or less.

3. A manufacturing method for a light guide plate, com-
prising:

ink-jetting a UV curable white ink including an acrylic acid

ester in dot shape directly onto and soaked into a flat base
material made of a thermosetting polyurethane as an
elastomer of predetermined high flexibility which has a
shore-A hardness of 60 to 98, inclusive; and

curing the white ink by irradiating UV light to the white ink

immediately after the white ink is applied,

wherein the white ink is an ink for which the base material

exhibits a swellability of a predetermined value or more,
and allows the base material to increase in weight by
10% or more as a result of being soaked in the white ink
for one hour.



